In the treatment of diabetic nephropathy, ACE inhibitor therapy reduces albumin excretion and slows the rate of decline in glomerular filtration rate (GFR). Our study was designed to investigate whether these effects lay in amelioration of the underlying glomerular structural abnormalities. A total of 54 type 1 diabetic patients with albuminuria and blood pressure (BP) <150/90 mmHg were randomized to receive 10 mg enalapril once daily, 10 mg nifedipine retard twice daily, or placebo in a multicenter double-blind study of 3 years' duration. Renal biopsy was performed at baseline and follow-up, and tissue was analyzed by standard morphometric methods. BP, GFR, albumin excretion rate (AER), and HbA 1c were measured every 6 months. Enalapril lowered AER after 6 months by 26% (P < 0.05); however, this reduction was not sustained at 3 years. There was no significant effect of nifedipine or placebo on AER. GFR decreased by a similar average rate of 4.1 ml · min -1 · year -1 (95% CI 2.6 -5.6) in all three groups. BP and HbA 1c were unchanged throughout the study in all groups. At baseline, nearly all biopsies showed classic appearances of diabetic glomerulopathy. There was no detectable effect of enalapril compared with either nifedipine or placebo on renal structure over 3 years. However, we found that patients with increased AER have established glomerulopathy and a progressive average decline in GFR of 4.1 ml · min -1 · year -1 in the absence of overt hypertension, and baseline AER appeared predictive of subsequent mesangial volume fraction (r 2 ‫؍‬ 0.20, P ‫؍‬ 0.0018). In this small cohort of nonhypertensive patients studied for 3 years, disease evolution appears unaffected by treatment with either enalapril or nifedipine. Diabetes 50:843-850, 2001 D iabetic nephropathy is responsible for over 40% of all patients requiring renal replacement therapy in the U.S. (1) and is the second most common cause of renal failure in Europe (2), carrying with it considerable excess cardiovascular mortality (3). The clinical manifestations of diabetic nephropathy, namely albuminuria, hypertension, and a progressive decline in the glomerular filtration rate, are underpinned by distinct structural changes in the glomerular tuft, which include thickening of the peripheral glomerular basement membrane and expansion of the mesangium together with an increase in the number of occluded glomeruli (4,5).
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Aggressive control of arterial hypertension slows the rate of decline in glomerular filtration rate in patients with type 1 diabetes and proteinuria (6, 7) . Treatment with ACE inhibitor (ACEI) therapy in type 1 diabetic patients with advanced nephropathy reduces the risk of doubling serum creatinine, or the combined end point of entering endstage renal failure or dying, by ϳ50% over a mean follow-up period of 3 years (8) . These effects are thought to be due to an ACEI-specific renoprotective action, which appears, at least in part, to be independent of blood pressure (BP) control. ACEIs also reduce the risk of progression from microalbuminuria to overt nephropathy in type 1 diabetic patients, an effect that is also partly independent of BP reduction (9) .
It is unclear, however, whether ACEIs achieve these results by a direct effect on renal structure-changes that are critical to the progression of disease and eventual organ failure. This pilot study was therefore designed to compare and contrast the effects of the ACEI enalapril with nifedipine retard and placebo on glomerular and interstitial ultrastructure in type 1 diabetic patients with an elevated albumin excretion rate (AER) but without hypertension.
defined at the outset of the study in 1989) were chosen to eliminate the powerful confounding effect of hypertension and BP lowering and to allow the prospective study of a true placebo-treated group. Patients also had to agree to a renal biopsy at entry and the end of the study and demonstrate tablet compliance of at least 85% during the baseline period. Strict exclusion criteria included uncontrolled diabetes (HbA 1c level Ͼ6 SDs above the local normal range), current antihypertensive or nonsteroidal analgesic therapy, hyperkalemia, other renal or urinary tract disease, liver disease, recent cerebrovascular or cardiac disease, pregnancy, and any contraindication to renal biopsy.
Patients were recruited from four diabetic and two renal centers in the U.K. and Italy. A total of 54 patients were enrolled into the study and randomly allocated to either 10 mg enalapril once daily, 10 mg nifedipine retard twice daily, or placebo, all with matching dummy tablets, in a double-blind prospective trial. Procedures. Patients were seen in a metabolic ward after an overnight fast. Arterial systolic and diastolic BPs (Korotkoff phases I and V) were measured to the nearest 2 mmHg in the nondominant arm using a random zero sphygmomanometer (Hawksley, Lancing, East Sussex, U.K.) after the patient had been sitting quietly for 5 min. The average value was calculated from three readings taken at 1-min intervals. Recordings were made at three separate visits in the 2 months before renal biopsy, at baseline, and at 6-month intervals thereafter. Blinded treatment could be doubled and extra antihypertensive agents (thiazides, methyldopa and hydralazine) added according to a predetermined schedule if either the systolic or diastolic BPs were Ͼ160 and 100 mmHg, respectively, or increased by 30% from baseline values. Urine albumin concentration was measured by immunoturbidimetry at a central laboratory at Guy's Hospital, and AER was calculated as the median of three timed overnight urine collections (11) .
GFR was estimated from the bicompartmental plasma disappearance curve of iohexol; plasma concentrations of iohexol between 0 and 180 min after a bolus intravenous injection of 5 ml were determined by high-pressure liquid chromatography, and GFR was calculated as the injected dose of iohexol divided by the area under the curve per 1.73 m 2 (12) . All samples were analyzed centrally at the Mario Negri Institute in Bergamo, Italy. Fractional clearances of albumin were derived from the serum albumin concentration, AER, and GFR. HbA 1c was measured locally. Values were therefore compared using Z scores and transformed back to percentage using Guy's Hospital as the reference laboratory (13) . Tablet compliance was assessed by counting over the 4-week run-in period before baseline to confirm eligibility and at each visit thereafter during the study.
The randomization schedule was prepared electronically within Merck, Sharp, and Dohme by personnel totally independent of the trial. Patient allocation numbers were linked to treatment in a block size of three, i.e., for every three patients within a center, there were equal numbers in the enalapril, nifedipine, and placebo groups. Renal biopsy was performed at baseline and at 3 years by an experienced operator under local anesthetic using ultrasound guidance. An isotope renogram was performed before each renal biopsy to confirm equal kidney function. Clinical examination and electrocardiograms were performed annually, and estimates of BP, AER, GFR, HbA 1c , and serum creatinine were made at 6-month intervals.
In accordance with the declaration of Helsinki, Ethics Committee approval for the study protocol was obtained from each of the six centers involved, and all patients gave written informed consent before entry into the study. A safety review committee comprising an investigator from each center and an independent expert nephrologist was appointed to monitor adverse events and take appropriate action. Tissue preparation. Biopsy material was processed for light and electron microscopy, as we have previously described (14, 15) . Biopsies were fixed by immediate immersion in 2% glutaraldehyde in modified phosphate buffer. After 24 h, the buffer fixative was renewed, and biopsies were sent by overnight carrier to the central reference laboratory. Then, 1-mm 3 blocks of tissue were embedded using TAAB TO28 resin (TAAB, Aldermaston, U.K.). Semi-thin sections were taken through the tissue block at 10-m intervals and stained with 1% toluidine blue. The first section containing renal tissue formed the baseline level and only complete nonoccluded glomeruli, which were clearly surrounded by Bowman's capsule and had open capillary loops visible under light microscopy, were used for analysis. The first five open glomeruli were identified and systematically sampled by taking ultrathin sections at 50-m intervals, resulting in three to five profiles per glomerulus. The second profile through each glomerulus was selected for electron microscopy (15) . After staining with uranyl acetate and lead citrate, ultrathin sections were photographed using a Philips CM100 electron microscope. The entire glomerular profile was photographed, and the resulting overlapping micrographs were printed at a final magnification of ϫ2,000. High-power micrographs, printed at approximately ϫ10,000, were obtained by systematic random sampling of 25-30% of the tuft area (16) . A calibration grid was photographed at the same time to determine final magnification. Morphometry Light microscopy. Glomerular volume (GV) was determined using a drawing tube attachment by projecting a grid of points onto the toluidine blue-stained sections at a magnification of ϫ333. Points landing on glomerular profiles were counted on alternate 10-m levels using a digitizing tablet (14) . Using the Cavalieri principle, the following was determined:
where t is the section thickness. Mean glomerular volume (MGV) per patient was the mean of the five individual values. Interstitial volume fraction was estimated from five sections stained with toluidine blue, taken from different blocks where possible, or using sections at least 300 m apart. The interstitium was defined as the portion of cortex not composed of glomeruli, tubules, arteries, arterioles, or large veins, but including the capillaries and smaller veins (17) . A grid of coarse and fine points (ratio 1:4) was superimposed on the section at a magnification of ϫ360 using a drawing tube attachment. Coarse points landing on cortex and fine points landing on interstitium were counted. The interstitium was expressed as a fraction of the cortex.
The number of occluded glomeruli was estimated from the serially sectioned blocks stained with toluidine blue at a magnification of ϫ400. Each glomerulus was clearly identified. A glomerulus was considered occluded when no open capillary loops were observed. The number of occluded glomeruli was expressed as a percentage of the total number of glomeruli, and at least 15 glomeruli per biopsy had to be counted for the measurement to be considered valid (range 15-48 [mean 25]). Electron microscopy. Morphometric measurements were made on a single glomerular profile from five glomeruli per biopsy-a sampling protocol that has been shown in our laboratory to be more efficient than and as precise as multiple-level sampling regimes (15) . The mean value per patient was calculated from the five individual estimates.
Mesangial volume fraction (Vv mes) was estimated from the montages using standard stereological methods. Briefly, fine points falling on mesangium were counted and expressed as a fraction of the number of coarse points falling on the glomerulus, using a test grid of coarse to fine points in a ratio of 1:8. The boundary of the glomerulus was defined by the minimal string polygon. Matrix volume fraction (Vv mat) was estimated from the high-power micrographs. Points on mesangial matrix were counted, excluding cellular elements, and expressed as a fraction of the glomerulus (18) .
Relative surface density of the peripheral glomerular basement membrane (the filtration surface) was estimated from the montages by counting intersections between test lines and the capillary loops (18) . Filtration surface per glomerulus was calculated as the product of the surface density measurement and the glomerular volume. Glomerular basement membrane thickness (GBMT) was estimated from high-power micrographs by the orthogonal intercept method of Jensen et al. (19) .
Renal tissue from 14 normal kidney donors (courtesy of Dr. S.M. Mauer, Minneapolis, MN) was used as an in-house reference for the estimates of Vv mes, Vv mat, interstitium volume fraction (Vv interstitium), and GBMT. However, although the donor biopsies were embedded in Epon 812 resin (Polysciences, Warrington, PA), the stereological methods were consistent throughout. Three glomeruli per biopsy were available for analysis. Statistical analysis. The efficacy measurements of the study were the functional measurements of overnight AER and GFR and the structural measures of mean glomerular volume, Vv mes and Vv mat, GBMT, filtration surface per glomerulus, Vv interstitium, and the percentage of occluded glomeruli. Primary interest focused on whether these parameters changed over the 3-year study period, with an emphasis on a descriptive approach to the analysis. Summary statistics were drawn up, and the changes from baseline were analyzed using analysis of variance (ANOVA), fitting a model including terms for country (Italy or the U.K.) and treatment group (enalapril, nifedipine, or placebo). The absence of any country by treatment group interaction was first confirmed. CIs for pairwise differences between treatment groups were estimated. Because AER was log-normally distributed, a log transformation of the values was made before the analysis. The use of the baseline value as a covariate was examined, and the results were essentially the same as those for ANOVA.
For the functional measures of GFR and AER, for which values were available every 6 months, linear regression lines were fitted and analyzed using a mixed model, which allowed for some random variability in the value of the slope.
Investigative analysis to explore the relationship between structural and functional measures at baseline was undertaken by plotting the data. In addition, we explored whether baseline AER and GFR were associated with changes in the main structural outcome measures. The analysis was carried out using SAS version 6.12 software (SAS, Cary, NC) for personal computers.
Sample size calculations were based on data available at the time the study was planned in 1989. Differences between treatment groups in the change from baseline of 3.8 ml · min -1 · year -1 in GFR, 88 nm in GBMT, 0.04 in Vv mes, and 0.26 ϫ 10 6 m 3 in MGV were estimated to be detectable with a sample size of 20 patients per treatment group with 80% power at the 0.05 two-tailed significance level.
RESULTS

Baseline
Demographic and clinical characteristics. Baseline clinical and biochemical characteristics of the diabetic patients in each treatment group are shown in Table 1 . Patients were well matched for age, duration of diabetes, and arterial BP. The average age was 38 years (range 20 -64), and average duration of diabetes was 20 years (2-43). Of the patients, 63% were male. There were 23 patients from the U.K. and 31 from Italy. AER, GFR, HbA 1c , and serum creatinine levels were similar in the three groups. Two patients had an isolated BP recording outwith the entry criteria at randomization, but the average BP beforehand was Ͻ150/90 mmHg. Similarly, four patients had an AER at baseline marginally outside the inclusion range. Glycemic control was poor in some patients, in keeping with previously reported cohorts (8) .
The in-house reference group of 14 normal subjects had a mean age of 37 years (range 20 -60), and 43% of subjects were male. No other clinical data were available for these subjects. Four patients had a baseline GFR Ͼ135 ml/min and could therefore be classified as hyperfiltering (20) .
Four patients discontinued the study: one patient was uncooperative, one declined the final biopsy, one developed nephrotic syndrome, and one developed anorexia, depression, and abdominal pain. Six patients had insufficient biopsy material available for analysis: four at baseline and two further at follow-up. A total of 42 patients (n ϭ 15 for enalapril, n ϭ 11 for nifedipine, and n ϭ 16 for placebo) had both measurements of renal function and structure at baseline and follow-up. There were no significant differences in the baseline characteristics of these patients compared with the original cohort. Structural measurements Glomerular ultrastructure was highly abnormal in almost all of the 50 patients with analyzable tissue at baseline with lesions typical of diabetic glomerulopathy. In particular, the glomerular basement membrane was markedly thickened, and Vv mes and Vv mat significantly increased compared with values obtained in our laboratory from 14 normal kidney donors (Table 2) . Patients with clinical nephropathy (AER Ն200 g/min) had increased GBMT, Vv mes, and Vv mat compared with those with microalbumin- uria Relationships between structure and function at baseline GFR was inversely related to age (r ϭ Ϫ0.45, P ϭ 0.001) and was lower in patients with Ͼ10% compared with those with Ͻ10% occluded glomeruli per biopsy (92 Ϯ 11 vs. 106 Ϯ 3 ml · min -1 · 1.73 m -2 , P ϭ 0.05). The strongest correlates of AER were Vv mes, Vv mat, and GBMT (r ϭ 0.55, 0.51, and 0.51 respectively; P Ͻ 0.001 for all). Vv mes and Vv mat were positively correlated with GBMT (r ϭ 0.49 and 0.56, respectively; P Ͻ 0.001 for both) and glomerular volume (r ϭ 0.44, P ϭ 0.001) at baseline. Changes from baseline to follow-up Systolic BP fell slightly in the active treatment groups at 6 months relative to both baseline and the placebo group. There was a slight increase in diastolic BP in the enalapril group and in systolic BP in the placebo group from baseline to follow-up. There were no significant differences, however, in systolic and diastolic BP between groups over the study duration (Fig. 1A) . Six patients (one in the enalapril group, one in the nifedipine group, and four in the placebo group) were given extra antihypertensive treatment (10). They were therefore treated first with doubling of blinded study medication and then with the addition of diuretics and methyldopa, as described in the protocol. Average mean BP (defined as diastolic plus one-third pulse pressure) remained Ͻ100 mmHg in all groups throughout.
AER decreased initially in patients treated with enalapril. This antiproteinuric effect was significant at 6 months At baseline, GFR was similar in all three groups, although four patients had a GFR Ͻ70 ml/min when estimated by iohexol clearance. GFR decreased at similar rates in all three treatment groups with an average rate of decline of 4.1 ml · min -1 · year -1 (95% CI 2.6 -5.6) (Fig. 1C ). GFR declined significantly over the study duration both in patients with microalbuminuria and in those with clinical nephropathy (mean Ϯ SD, Ϫ3.12 Ϯ 5.35 and Ϫ6.97 Ϯ 6.88 ml · min -1 · year -1 ; P Ͻ 0.05), but the rates of decline were different between groups (P ϭ 0.02).
Fractional clearance of albumin decreased by 38% in the enalapril-treated group after 6 months of treatment, although there were no significant differences either within or between treatment groups over the study duration. HbA 1c values did not change over the course of the study and were not different between treatment groups.
There were no significant changes in the structural parameters from baseline to follow-up in individual treatment groups (Table 3 ). In particular, Vv mes ( Fig. 2A) and Vv mat (Fig. 2B) remained stable in the enalapril-treated group throughout the study, despite the initial fall in AER. The slight increases in Vv mes seen in the nifedipine-and placebo-treated groups were not statistically significant. Although GFR declined, filtration surface per glomerulus increased slightly in the enalapril-treated patients (Table  3 ). There were no significant changes in GBMT (Fig. 2C ), Vv interstitial, or the percentage of occluded glomeruli in any treatment group.
Despite a significant reduction in AER after 6 months of enalapril treatment, there was no significant difference between baseline and 3-year values in any treatment group. Furthermore, no differences between treatments were detected in any of the major efficacy end points of the study. It was therefore considered valid to pool patient data to explore possible associations between baseline AER and subsequent progression. There was no significant relationship between baseline AER and the changes in glomerular and tubulointerstitial structure. However, there was a significant association between baseline AER and final Vv mes, such that 20% of the variation in follow-up Vv mes could be explained by AER (P ϭ 0.0018). Final GFR was also associated with baseline AER, but this only accounted for 7% of the observed variation (P ϭ 0.065).
The analysis including the baseline value as a covariate indicated a significant effect for the covariate for Vv mes and percentage of occluded glomeruli. In both cases, the nature of the covariate relationship was such that a lower baseline value led to a greater degree of deterioration during the study period.
DISCUSSION
Our pilot study was designed to investigate the potential effect of ACEIs on the evolution of renal structural abnor- malities in diabetic nephropathy. We selected type 1 diabetic patients who had developed albuminuria but whose BPs were in the normal range. This protocol was an attempt to eliminate the powerful confounding effects of hypertension and its reduction by assessing the effect of ACE inhibition on glomerular structure independent of BP changes above the normal range. This design also permitted prospective comparison with a true placebo group at outset. Our cross-sectional baseline data clearly demonstrate that advanced glomerular structural abnormalities are present in type 1 diabetic patients with albuminuria in the absence of overt hypertension. These lesions are typical of those reported in hypertensive proteinuric patients, and similar relationships between renal function and glomerular structure were found. AER was associated with Vv mes, Vv mat, and GBM thickness (21, 22) . GFR was inversely related to age, as occurs in the normal population after the fourth decade (23) , and was also lower in patients with Ͼ10% of occluded glomeruli per biopsy. However, the estimate of occluded glomeruli from needle biopsies is subject to considerable error, mostly because of the nonrandom clustering and a small average sample size of 25 glomeruli per specimen. Despite this fact, our cohort was thought to be a valid group in which to test our hypothesis. GFR declined at an average rate of 4.1 ml · min -1 · year -1 irrespective of treatment group, which is similar to that reported in hypertensive diabetic patients with proteinuria after good control of BP has been achieved (24) . This result suggests that in this selected group of patients, factors other than elevated BP are responsible for disease progression.
Reduction in GFR may be more rapid and a consequence of metabolic changes in patients with glomerular hyperfiltration (20) . This is, however, an unlikely explanation in our patients, because metabolic control was similar and stable in the three groups, and only four subjects had a supranormal GFR at baseline. Albuminuria, particularly in the nephrotic range, has been shown to be a determinant of disease progression in chronic nephropathies including diabetes, and reduction of albuminuria during treatment with ACEIs has been associated with an attenuated rate of decline in GFR (25) (26) (27) This relationship was not detected in our diabetic patients probably because baseline albuminuria was much lower in our study, follow-up was shorter, and BP was normal-all factors that may contribute to mask the association. We did, however, find a significant relationship between baseline albuminuria and Vv mes at follow-up. Mesangial expansion is the lesion that most closely relates to loss of GFR in diabetic nephropathy (28) , and it may be that in the absence of hypertension, albuminuria itself is the dominant factor for progressive renal damage in diabetes, an observation corroborated by Jacobsen et al. (29) in a series of normotensive type 1 diabetic patients with nephropathy in whom the rate of GFR decline was substantially lower at 1 ml · min -1 · year -1 . Two-thirds of our patients had microalbuminuria at baseline, and previous studies have implied that GFR remains stable until albuminuria reaches the clinical range of Ͼ300 mg/day (30) . Our subjects with microalbuminuria, however, exhibited a significant decline in GFR, suggesting that even low levels of albuminuria may be detrimental to renal function.
The majority of our patients had a mean BP Ͻ100 mmHg (equivalent to 135/80 mmHg) at follow-up. These values, may still be too high to prevent continuing end-organ damage. Clinical studies suggest that a target mean BP of 92 mmHg is desirable to slow progression of proteinuric renal diseases including diabetic nephropathy (31) . It is possible that a combination of lowest achievable systemic BP together with significant reductions in albuminuria may afford the best renal protection in diabetes.
In our series with good preservation of renal function and absence of systemic hypertension, significant glomerular lesions were seen at baseline as reported by others (32) . Our longitudinal results showed no effect of either active treatment on glomerular structure over 3 years. Moreover, there were no significant changes in glomerulopathy in the placebo-treated group during the study. There are several possible reasons for these findings. First, this group of patients without hypertension may have a significantly slower progression of structural lesions, as suggested by a number of experimental animal data (33) . Second, reversal or arrest of the lesions may not be detectable within the 3-year duration of our study. Recently reported observations in patients undergoing pancreas transplantation have shown no change in glomerulopathy after 5 years of normoglycemia but have shown significant resolution at 10 years (34) . Thus, the lesions may take as long to resolve as they do to develop. Third, although the estimated variability in our structural end points at baseline were very close to that observed, thus validating our initial power calculations, the achieved number of evaluative patients per group was less than the target, and structural changes in the placebo group over 3 years were less than anticipated. These factors might have contributed to our failure to detect a difference between groups. Finally, the severity of glomerulopathy at baseline may have affected the rate of further structural damage. Evidence that became available after our study was underway suggests that the rate of change of GBMT and Vv mes is slower when the lesions are more advanced at outsetfindings confirmed regarding Vv mes and the percentage of occluded glomeruli in our patients. In a small cohort of type 1 diabetic patients with a long disease duration, there was no change in GBMT over a 5-year period, and Vv mes only increased slowly at an approximate rate of 0.012 per year (35) . In contrast, in young type 1 diabetic patients with microalbuminuria, GBMT increased by 140 nm over 30 months, and mesangial expansion occurred twice as fast at ϳ0.024 per year (36) .
The continued loss of GFR in our patients may thus be the result of a combination of structural and hemodynamic changes. This notwithstanding, an effect of marginal changes in structure on GFR cannot be completely excluded. The relationship between functional and structural parameters is relatively imprecise with, for example, a reported two-to threefold range of filtration surface per glomerulus corresponding to a given GFR within the range of 80 -120 ml/min (37) . This imprecision may explain why the observed increase in filtration surface in the enalapril group did not translate into an amelioration in the rate of change of GFR. In addition, GFR was measured seven times in each patient during our 3-year study, thus allowing a more precise estimate of the rate of change compared with the baseline and follow-up comparison available for renal structure.
We used a dose of enalapril lower than the maximum conventionally used dose to treat hypertension. However, 10 mg once daily produces significant ACE inhibition after 24 h (38) and a sustained reduction in systolic BP of ϳ7 mmHg in hypertensive patients (39) and was thought unlikely to cause hypotensive symptoms in our cohort of normotensive patients. An average daily dose of enalapril of 11 mg/day has been shown to reduce AER by 60% compared with metoprolol over a mean follow-up of 2 years in type 1 diabetic patients with nephropathy (40) . The initial reduction in AER at 6 months in the enalapriltreated patients in our study was not observed in the other two groups and was of a magnitude similar to that seen in previously published studies, implying that effective ACE inhibition was achieved (9) .
There have been at least four other studies of the effects of antihypertensive therapy on glomerular structure in diabetic patients (41) (42) (43) (44) . Only one of these was conducted exclusively in type 1 diabetic subjects (43) . These workers studied 13 patients with microalbuminuria, treated with either enalapril (20 mg daily, dose frequency unspecified) or metoprolol, and found no significant change in glomerular structure over a mean follow-up of 38 months. The authors then contrasted these results with those from historical control subjects, who underwent repeat renal biopsy within 3 years and who demonstrated significant increases in GBMT and in an estimate of mesangial expansion. They concluded that antihypertensive therapy stabilizes glomerular structure at this early stage in the development of nephropathy. Their control group, however, had on average a higher HbA 1c , higher BP, and higher AER at follow-up than the actively treated groups. The main findings of no detectable change in glomerular structure in the antihypertensive-treated patients are compatible with our own results, even though the treated patients in that study had considerably less severe lesions at baseline. The number of patients studied by these workers was fewer than that in our study. A power calculation was reported, suggesting that a sample size of six patients would be adequate to detect a 25% increase in unspecified structural parameters with a power of 80% at a 0.05 significance level, but reported Vv mes did not change significantly in either the antihypertensive treatment or the historical control groups during the study (43) . Therefore, we feel it is premature to conclude from these data that antihypertensive therapy halts progression of the key renal structural changes in diabetes over a 3-year period. Our findings are in accordance with this view.
Two studies were performed in type 2 diabetic patients (41) or a mixture of types of diabetic patients (42) with and without hypertension at baseline and rely mostly on light microscopic analysis. Both showed a stabilization in Vv interstitium in the ACEI-treated groups, and one also showed stabilization in GBMT in the small number of treated patients in whom there was tissue available for electron microscopic analysis (42) . We found no significant effect of treatment with enalapril or nifedipine retard on Vv interstitium, and it is possible that changes in this part of the kidney are more responsive to ACEIs in type 2 hypertensive diabetic patients.
In conclusion, this first prospective placebo-controlled intervention study comparing the effects of different antihypertensive treatments on glomerular and interstitial ultrastructure in type 1 diabetic patients with albuminuria did not show any detectable impact of enalapril compared with either nifedipine or placebo on renal structure over 3 years. We have shown that patients with increased AER have established glomerulopathy and a progressive decline in GFR in the absence of overt hypertension. In this context, baseline AER appeared predictive of subsequent mesangial volume fraction. We acknowledge the limitations of the size and duration of our study and have become aware of the slow changes in glomerular structure in normotensive patients. Therefore, our results call for further structural studies in larger numbers of patients with a narrower range of albuminuria and GFR, with less severe glomerular structural changes, and perhaps with higher doses of antihypertensive agents over longer periods of time. 
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